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An integrative review of attention
biases and their contribution to
treatment for anxiety disorders
Tom J. Barry*, Bram Vervliet and Dirk Hermans
Centre for the Psychology of Learning and Experimental Psychopathology, Faculty of Psychology and Educational Sciences,
University of Leuven, Leuven, Belgium
Models of exposure therapy, one of the key components of cognitive behavioral therapy
for anxiety disorders, suggest that attention may play an important role in the extinction
of fear and anxiety. Evidence from cognitive research suggests that individual differences
may play a causal role in the onset and maintenance of anxiety disorders and so
it is also likely to influence treatment. We review the evidence concerning attention
and treatment outcomes in anxiety disorders. The evidence reviewed here suggests
that that attention biases assessed at pre-treatment might actually predict improved
response to treatment, and in particular that prolonged engagement with threat as
measured in tasks such as the dot probe is associated with greater reductions in
anxious symptoms following treatment. We examine this research within a fear learning
framework, considering the possible role of individual differences in attention in the
extinction of fear during exposure. Theoretical, experimental and clinical implications
are discussed, particularly with reference to the potential for attention bias modification
programs in augmenting treatment, and also with reference to how existing research in
this area might inform best practice for clinicians.
Keywords: anxiety, fear, phobia, attention, exposure, treatment
Introduction
The clinical utility of cognitive-behavioral therapy (CBT) and in particular exposure therapy, has
long been established, especially in terms of its eﬀects on relieving the symptoms associated with
anxiety disorders (Hofmann, 2008). Nevertheless, for some clinically anxious people, exposure
is insuﬃcient at alleviating their symptoms or, where there is symptom improvement, they may
relapse over time (Craske and Mystkowski, 2006). There has been little research into why there are
diﬀerences between individuals in their responses to treatment although it is perhaps not surprising
that such diﬀerences exist given the diversity that exists in the biological, psychological, and social
pathways to the onset and maintenance of anxiety. Interest is developing in the area of stratiﬁed
medicine and tailoring treatment to individual proﬁles, rather than assuming that treatment is one-
size-ﬁts-all (Lester and Eley, 2013). There is a need, therefore, to better understand the mechanisms
that underlie anxiety disorders and how these might inﬂuence treatment.
Disorders such as speciﬁc phobia, social anxiety disorder (SAD), panic disorder (PD),
generalized anxiety disorder (GAD), and post-traumatic stress disorder (PTSD) are characterized
by excessively intense, frequent and enduring fear or anxiety concerning the possible occurrence
of something terrible. Fear is often an adaptive response to threat, wherein there is a rapid,
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involuntary, physiological reaction that facilitates the selection
and production of an appropriate behavioral or cognitive
response (Ekman, 1992). Anxiety is the prospective connection
between this fear response and events in the future (Hofmann
et al., 2012). Anxious people display hypersensitivity in
recognizing, processing and responding to threat-related
information even in the absence of actual threat. Where a
non-anxious person might rapidly recognize an actual source
of threat in their environment, such as an approaching snake,
someone with speciﬁc phobia for snakes might also display fear
and the accompanying neurocognitive response to a shoelace
on their kitchen ﬂoor. The onset and maintenance of anxiety
disorders has been associated with biases in attention, and in
particular, a tendency to be easily distracted by potential threats
and to maintain attentional focus on these threats at the expense
of attending to other, perhaps more important, things in the
environment (Bar-Haim et al., 2007).
Cognitive-behavioral therapy for anxiety disorders therefore
seeks to reduce fear and anxiety as well as the neurocognitive
mechanisms that underlie them (Hofmann, 2008). However,
if mechanisms such as attention biases inﬂuence the way in
which people process and interact with the objects of their
fears then we might ask whether they can also inﬂuence
treatments that rely on interaction with these feared stimuli; and,
whether individual diﬀerences in attention predict diﬀerential
responses to treatment. The current review seeks to understand
how individual diﬀerences in attention might inﬂuence
treatment.
First we will explain our conceptualisation of attentional
biases, whilst also addressing the literature concerning individual
diﬀerences in attentional biases within anxiety disorders. Second,
we will consider the role of attention in the learning that underlies
exposure therapy. Then, we will conduct a critical examination
of the literature concerning the moderating inﬂuence of
attentional biases, and any related neurophysiological correlates,
on treatment outcomes for anxiety disorders. The results of these
studies will be considered within the context of models of the
underlying mechanisms involved in exposure (e.g., extinction
learning). Finally, the theoretical, experimental, and clinical
implications of this examination will be presented. The research
in this area remains in its infancy, thus precluding a meta-
analysis of the data available, but we hope that by collating and
reviewing the present evidence and providing the most up-to-
date theoretical perspective, that wemight provide inspiration for
clinical and research developments.
Background
Attentional Biases
Limitations in the capacities of both the visual system and
working memory mean that not all information from the
environment and from long-term memory can be selected for
more detailed processing. Instead, some information is given
priority and is selected, and unwanted information is ﬁltered
out. From this, appropriate responses to environmental stressors
can be produced. Prioritization and selection can be through
top–down, voluntary, goal direction or bottom–up, automatic,
attentional capture (Weierich et al., 2008). Stimulus processing
and attentional selection can also be overt (e.g., through eye
movements) or covert (e.g., the orientation of internal attention).
For example, a person conducting a top–down overt visual
search for a particular ﬂower might covertly ﬁlter out the
various trees and bushes in a woodland scene. As part of this
covert ﬁltering, visual sensitivity might increase for objects more
alike one’s expectations of the sought after ﬂower. This would
reduce the number of stimuli to be processed during the overt
movement of the eyes during the visual search. However, a
visually salient, large, red tree in this scene may capture attention
in a bottom–up way, irrespective of the viewer’s goals. For
anxious people attentional selection appears to be weighted
in favor of bottom–up processing – particularly when there
is a potentially threatening stimulus in the environment –
relative to non-anxious people who can evoke greater top–
down attention control (Eysenck et al., 2007). The eﬀect of this
is that anxious people have a tendency for their attention to
be captured by threat-relevant stimuli over and above other
stimuli, even when their attention should be focused elsewhere
(McGinnis Deweese et al., 2014). Attentional selection and
control is then facilitated by three executive processes: shifting
between stimuli, thoughts or responses; updating attentional
selection based on changes in goals; and inhibiting attentional
engagement with irrelevant stimuli or thoughts (Eysenck et al.,
2007).
Research suggests that prior to the onset of and during
anxiety disorders, attention can be biased such that there
are deﬁcits in inhibiting distraction by emotional stimuli,
enhanced shifting of attention toward or away from these
stimuli or deﬁcits in shifting away from threat stimuli once
engaged, as well as deﬁcits in updating attention based on
new information, perhaps pertaining to safety. Biases in
attention can therefore be categorized into three components
subsumed within two directions (toward or away from
threat): engagement with threat, disengagement with threat,
and an attentional avoidance of threat (Cisler and Koster,
2010).
Engagement with Threat
Anxiety has been associated with facilitated engagement with
threat. This means that salient, potentially threatening stimuli
can capture the attention of anxious people more readily than
non-anxious people, the result of which is that they show rapid
movement of their attention toward these stimuli (Eysenck et al.,
2007). This is perhaps due to increased utilization of the rapid,
subcortical, amygdala-driven “low road” in the processing of
emotional stimuli, rather than through use of the higher cortical
pathway (LeDoux, 1996). For example, when someone rapidly
orientates toward a shoelace on their kitchen ﬂoor that they
thought was a snake. In this case there is bottom–up attentional
capture due to peripheral recognition of the perceptual features
of the lace (e.g., its length, color, and shape) and their similarity
with the appearance of a snake. This leads to rapid re-orientation
of eye-gaze and attentional engagement with this perceived
threat.
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This bias has been examined in a number of experimental
settings. In visual search paradigms anxious people typically
show quicker detection of disorder-relevant and threatening
targets hidden amongst neutral distractors relative to non-
threat targets (Lipp and Waters, 2007; Soares et al., 2009)
and relative to the performance of non-anxious people (Rinck
et al., 2005). Gaze-tracking research has shown that, relative to
non-anxious people, anxious people are more likely to orient
their gaze toward threat stimuli before they orient toward
neutral stimuli when the two are presented simultaneously
(e.g., Calvo and Avero, 2005; Felmingham et al., 2011).
There is also some evidence that anxious people orient their
gaze toward emotional faces, irrespective of their valence,
quicker than do non-anxious people (Holas et al., 2014). In
Dot Probe tasks where participants are shown threat and
neutral stimulus pairings followed by a geometrical target to
which they are to respond, anxious participants have also
shown speeded recognition of the target when it follows a
threat stimulus, relative to if it follows a neutral stimulus
and relative to non-anxious participants (Bar-Haim et al.,
2007).
Disengagement with Threat
The second attentional bias component concerns disengagement
with threat. Research has consistently demonstrated that anxious
people show slowed response times or a deﬁcit in disengaging
attention from threat-related stimuli, relative to non-anxious
people. Anxious participants perform more slowly than controls
in visual search experiments where participants must locate
neutral targets that are hidden amongst threatening distractors
(Gerdes et al., 2008). Anxious people also perform more slowly
than controls in Dot Probe trials when the target follows the
neutral stimulus rather than the threat stimulus (e.g., Koster
et al., 2006) and in spatial cuing trials when a target appears
on the opposite side of a computer screen from a preceding
threat stimulus (e.g., Cisler and Olatunji, 2010). Persistent
engagement with a threat stimulus can be at the expense of
attending to other neutral, positive or safety signaling stimuli
presented simultaneously, or other stimuli in the environment
that require attention. This has been conﬁrmed with eye-tracking
measures in both visual search and free-viewing paradigms
(e.g., Gerdes et al., 2008; Armstrong et al., 2010) where
anxious people have been shown to ﬁxate longer on threat
stimuli relative to non-threat stimuli. There has also been
some suggestion that in the Stroop task, slowed naming of the
color that threat words are presented in is also evidence of
diﬃculties in disengaging attention from threat, however, this
has been widely disputed (Williams et al., 1996; Weierich et al.,
2008).
The eﬀect of maintained attention toward a threat stimulus
is that the person may continue to think or ruminate about the
possibility of an approaching threat (Fox et al., 2001) and their
attention may then narrow, preventing them from attending to
other less salient peripheral cues in their environment (Eysenck
et al., 2007). As such they may remain in an anxious state for
longer, and they may be prevented from shifting their attention
to information that violates their expectancy of an aversive event.
For example, in dog phobia, attending to the teeth of a barking
dog might prevent one from acknowledging that the dog is
attached to a leash and cannot reach them.
Attentional Avoidance of Threat
The third component of attentional biases involves avoidance
of threat, where the person covertly ﬁlters out threat-relevant
stimuli or thoughts from attentional selection and overtly
avoids attending toward them, should they appear (Hofmann
et al., 2012). When an avoidant response is initiated, the
scope of attention becomes narrowed which in turn limits
the likelihood that peripheral threat stimuli will be recognized
(Förster et al., 2006). As such, avoidance prevents the anxious
person from encountering and processing information thatmight
violate their expectancy of something aversive happening. To
return to the example of the shoelace on the kitchen ﬂoor,
some anxious individuals, after initially covertly or overtly
recognizing the shoelace or snake in their periphery may
look away immediately. This prevents them from learning to
discriminate snakes from other perceptually similar stimuli, so
their generalized fear persists; and if there was a snake, they would
never learn that snakes are perhaps not as dangerous as they
believe.
Eye-tracking research has shown that if a threat stimulus is
presented for a long period of time, anxious people tend to
avoid looking at it (Calvo and Avero, 2005). Avoidance is also
common when threat images are also associated with feelings
of disgust as with pictures of needles in Bloody-Injection-Injury
phobia (Armstrong et al., 2013). Implicit within avoidance is
that threat is ﬁrst recognized – although not necessarily overtly
or consciously (Ellenbogen and Schwartzman, 2009) – and then
later avoided due to top–down redirection (Armstrong and
Olatunji, 2012). This has also been demonstrated in conditioning
research where, at shorter latencies, participants show orientation
toward stimuli that are aversively conditioned (CS+) relative to
neutral stimuli (CS−). At longer latencies, however, participants
tend to look more toward neutral CS− than toward CS+
(Mulckhuyse et al., 2013).
It is worth stressing that the components of attentional
biases should not be considered in isolation or as mutually
exclusive from one another (Weierich et al., 2008). Eye-tracking
research suggests it is possible to exhibit facilitated engagement
with threat immediately after a threat is presented as well
as avoidance at later stages of presentation (Armstrong and
Olatunji, 2012). It is also possible to distinguish between anxious
individuals who have a general tendency to attend toward
threat from others who avoid threat (Koster et al., 2006). There
may also be people who possess neither of these tendencies
but who ﬁnd it diﬃcult to disengage from threat once it is
engaged (Fox et al., 2002). Attentional biases are also not
necessary components of anxiety disorders; there are some
anxious people who may not exhibit any bias (Berggren and
Derakshan, 2013). They are also not speciﬁc to anxiety as they
may also be present, although qualitatively diﬀerent, in depressed
individuals (Peckham et al., 2010) and persons with eating
disorders (Shafran et al., 2007) when disorder-relevant stimuli are
presented.
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There is overwhelming evidence concerning the presence of
attentional biases in anxiety disorders (Bar-Haim et al., 2007;
Armstrong and Olatunji, 2012). If attention is seen to play a role
in any element of the process of change in treatment, we might
expect treatment outcomes to be inﬂuenced by these attentional
biases. More speciﬁcally, given the heterogeneity in attentional
biases between anxious people – toward or away from threat;
facilitated engagement or deﬁcits in disengagement; any bias or
no bias – that the presence of individual diﬀerences in attentional
biases might produce diﬀerential outcomes. A wealth of research
exists suggesting that attention can play a crucial role in the
learning that is thought to take place during exposure therapy,
a principle behavioral component of CBT for anxiety disorders.
We will now ask, how does exposure therapy treat anxiety, and
what is the role of attention in this process.
Attention and Exposure Therapy
Exposure therapy is the most eﬃcacious treatment for anxiety
disorders (Craske et al., 2008), whether it is administered alone
or as one part of a larger CBT program. The learning that
occurs during exposure therapy and the reduction in fear and
anxiety that is observed is often explained using Pavlovian
models of fear conditioning and extinction. In these models,
fear develops due to an association between aﬀectively neutral,
conditional, stimuli (CS), such as animals, objects, situations
and physiological sensations, and aversive, unconditional, stimuli
(US), such as anything that might cause physical or psychological
harm (e.g., a dog bite, negative judgment, a panic attack). Fear is
then expressed when CSs are encountered, the CS–US association
is retrieved from memory and subsequent anticipation of the
US occurs. Exposure therapy involves repeated exposure to these
feared CSs in the absence of the expected aversive US. Exposure
is thought to be successful when a person can approach a
previously feared stimulus without the concomitant experience
of fear.
There are two predominant approaches to explaining the
eﬀects of exposure therapy and the mechanism by which fear and
anxiety reduce. In habituation or emotional processing models,
CS, their aversive meanings and the accompanying emotions,
cognitions and behaviors are held as structures within memory.
The fear evoked by a CS reduces during exposure therapy due to
activation and correction of the fear structure as it is updated with
new information about the aﬀectively neutral nature of the CS
(Foa and Kozak, 1986). This model was later modiﬁed to include
an inhibitory safety structure in order to accommodate research
suggesting that fear memories may only be inhibited rather than
updated (Foa et al., 2006). Nevertheless, in order to elicit the most
fear habituation – and reduce the chances of a return of fear
after exposure – the fear structure must be maximally activated
during exposure. The presentation of a feared object does not
guarantee that functional exposure (awareness and processing of
feared stimuli) or extinction of fear will take place (Borkovec
and Grayson, 1980). Fully activating the fear structure requires
that clients focus their attention entirely on the subject of their
exposure and are not given any opportunities for avoidance
or distraction and this then facilitates habituation of the fear
response.
The alternative approach comes from inhibitory learning
models of fear extinction, which suggest that when CSs are
encountered in the absence of the US, a newCS–noUS association
is formed and this inhibits the original fear eliciting excitatory
CS–US association. The original CS–US association remains
intact. Under certain conditions it might be retrieved and fear
may return and clinical relapse might occur (Craske et al., 2008).
In order to fully inhibit the original CS–US fear association, there
must be maximal violation of US expectancy. This means that the
client learns that the object of their fear is no longer predictive
of an aversive consequence. Within this approach, habituation of
the fear response is not necessarily indicative of the extent of this
new learning. It is essential that this new inhibitory learning is
not conditional upon some other element of the exposure. Clients
should not attend to any element of the exposure stimulus or its
surrounding context that might explain the non-occurrence of
the US. For example, whilst being treated for snake phobia, the
client must focus on the snake they are being exposed to so that
they can learn that snakes are not always dangerous. The client
should not, however, distract themselves by not thinking about
the snake or by attending to other elements of the clinic room in
which they are sat or any features of the snake (e.g., its small size)
that might explain why this snake is not dangerous.
Attention and Distraction
According to both models of exposure treatment presented here,
attending to anything other than the object of an exposure session
should lead to worse outcomes relative to engagement with a
perceived source of threat, although the models diﬀer in their
explanation of why this is the case and the extent to which this can
be a problem (e.g., the extent to which this leads to habituation of
fear). As such there is a body of research concerning the eﬀects
of manipulations of distraction on exposure eﬃcacy. Distraction
is typically deﬁned as insuﬃcient attention to the source of a
potential threat. It can involve overt redirection of attention
toward some threat-irrelevant task, stimulus or non-threatening
features of a feared stimulus; or covert redirection of attention
and attempts to not think about potential threats (Podinã et al.,
2013). There are clear similarities between this deﬁnition of
distraction and threat-avoidant attention biases.
Research concerning the eﬀects of distracted versus focused
attention on exposure outcomes might similarly shed light on the
possible eﬀects of attention biases on exposure outcomes. In fact,
one study found that participants who were distracted during
exposure showed similar fear reductions as participants who
were given “natural” exposure with no attention manipulation,
relative to a third condition where participants were instructed to
focus their attention (Craske et al., 1991). The authors reasoned
that anxious people are likely to attend away from and avoid
threat during normal or natural exposure without a speciﬁc
therapist-initiated attention manipulation and so they are likely
to show similar fear reduction as clients who are distracted
by the therapist. Research concerning the eﬀects of distracted
versus focused exposure has produced mixed ﬁndings. A recent
meta-analysis found that overall there was no diﬀerence between
distracted versus focused exposure in terms of treatment outcome
(Podinã et al., 2013). However, the results were in favor of
Frontiers in Psychology | www.frontiersin.org 4 July 2015 | Volume 6 | Article 968
Barry et al. Attention and anxiety treatment
distracted exposure – greater approach of and reduced distress
concerning previously feared stimuli following treatment –
relative to focused exposure when there were multiple exposure
sessions (Oliver and Page, 2008) and when distraction involved
client-therapist interaction concerning something irrelevant to
the exposure (e.g., Johnstone and Page, 2004). Parrish et al. (2008)
suggested that the beneﬁcial eﬀects of distraction may be due
to increases in self-eﬃcacy and the belief that threat and the
accompanying anxiety could be controlled, however, multiple
sessions may be required in order to see this beneﬁt.
Interpreting these data in line with attention biases, we might
expect that a tendency to attend away from threat would not
necessarily be associated with worse treatment outcome if such
avoidance during exposure were accompanied by a belief that
threat and/or the fear response can be managed. However, if
the immediate post-treatment beneﬁt of attending away from
threat is provided by improvements in self-eﬃcacy, rather than
enhanced inhibitory learning, there is a possibility that fear might
return later if people no longer feel as though they are competent
enough to manage threat (Craske et al., 2008). That is not to
say that attending toward threat would not be beneﬁcial for the
treatment of fear. Waters and Kershaw (2015) recently showed
that children with an attention bias toward threat, measured
using a Dot Probe task, showed enhanced extinction of fear to a
CS, relative to children with an avoidant attention bias. Asmodels
of extinction learning and exposure suggest, the reduction of
fear requires at least some engagement with the potential sources
of threat and subsequent learning about the non-occurrence of
anticipated danger.
Attention and Context Dependency
The inhibitory model of extinction and exposure was developed
following research concerning the fragility of extinction learning
and the factors that can lead to a return of fear after extinction.
One of the main ﬁndings concerned the context dependency of
extinction learning and the renewal eﬀect. During extinction and
exposure, when a feared stimulus is presented and the expected
aversive US does not occur, the anxious or fearful person seeks to
resolve the conﬂict between their expectation and reality (Bouton,
2004). One way in which this conﬂict can be resolved is by
attending to details of the context that might explain the non-
occurrence of the US. Someone who is snake phobic, for example,
might see the hospital room and the presence of clinicians as
an explanation for why the snake they are being exposed to is
not dangerous. Extinction learning then becomes conﬁned to the
context and if there is a change of context after extinction or
exposure, fear can return (Rowe and Craske, 1998).
Attending more or less toward the context during exposure
sessions should inﬂuence the extent of return of fear after
exposure. As such we would expect that if people attend away
from threat during exposure then they may be encoding more
contextual detail rather than focusing on the feared stimulus and
the non-occurrence of the US. This would make any extinction
learning that develops during exposure to be contextually speciﬁc
and more susceptible to renewal after treatment. We would
expect, therefore, that attention away from threat would be
predictive of worse outcomes relative to no bias and attention
toward threat, particularly in single session exposure trials when
there is little additional opportunity for threat engagement
and extinction learning. We would also expect that attention
toward threat, and in particular deﬁcits in disengaging from
threat, would outperform no bias at all given that there may
be attentional narrowing (Eysenck et al., 2007) and reduced
contextual encoding in people who attend more toward feared
stimuli during exposure sessions.
There has as yet been no direct examination of the eﬀects
of attention toward or away from a context on return of
fear, however, research using rats found that administration
of the drug scopolamine during extinction reduced contextual
encoding and return of fear following a context change after
extinction (Zelikowsky et al., 2013). Scopolamine, a drug that
blocks activity in acetylcholine receptors, is known to reduce
attentional capacity, narrow attentional focus and reduce top–
down attentional control (Dunne and Hartley, 1986; Klinkenberg
et al., 2011). Administration of scopolamine during extinction
might reduce peripheral attention and so too the contextual
speciﬁcity of extinction learning.
Attention and Stimulus Generalization
Attention might also inﬂuence extinction learning and exposure
in terms of stimulus processing and generalization. Besides
attending to details in the exposure context, anxious people might
also look to some element of the exposure stimulus itself in order
to explain why the US has not occurred (Vervliet et al., 2004).
In exposure therapy, there is a reliance on perceptually similar
stimuli or situations that share only some of the features of the
original CS. For example, if someone is bitten by a dog and
subsequently develops a dog phobia, then it is very likely that
the original dog will not be accessible at the time of treatment.
It can be possible to explain the non-occurrence of the US by
recognizing the features of the exposure stimulus that were not
present in the original CS. For example, if someone is bitten
by a black, long-haired, dog such that they develop a fear for
dogs, and then they are exposed to a blonde, long-haired dog
during treatment, the inhibitory association could be conﬁned
to the features in common between these two dogs (e.g., their
long hair) and their may be an enduring fear association between
the features unique to the original dog that were not present in
exposure (e.g., black hair). The more common exposure stimuli
are to originally feared or prototypical stimuli, the more robust
the extinction learning (Vervliet et al., 2005, 2006).
If someone attends more to the features in common between
the original CS and the exposure stimulus, which have previously
been associated with threat, then they may not recognize
or encode the dissimilarity between these two stimuli and
their extinction learning will be more generalizable. We would
hypothesize from this that an attention bias toward threat, and
in particular deﬁcits in disengagement, would be associated with
better outcomes relative to an attention bias away from threat or
no bias at all as these biases may inﬂuence attention to threat or
non-threat stimulus features. However, it might also be possible
to initially attend toward the threatening features of a stimulus
and to then overtly shift away from and avoid them whilst still
covertly engaging with the threat and continuing to think about
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it. In this case we might expect an attention bias away from threat
to outperform no bias at all. This would be similar to interactive
distraction conditions where an attention bias away from threat
and distraction could both provide an opportunity to manage
anxiety levels providing that there is still engagement with threat
stimuli or their threatening features.
Attention and the Non-Occurrence of the US
It is implicit within models of extinction learning that in exposure
people must not only attend to the stimuli or situations to which
they are being exposed, but also to the non-occurrence of the
aversive event, the US, that they anticipate will occur (Craske
et al., 2008). This can be an issue in the case of subtler USs
such as in SAD with negative social reactions that are very rarely
explicit. In such instances anxious people might attend more to
negative thoughts about their performance or their physiology
(e.g., concerning their heart rate or their blushing) rather than
on the non-occurrence of the imagined negative event. This kind
of self-focused attention is thought to underlie disorders such
as SAD (Clark and Wells, 1995; Spurr and Stopa, 2002) and
PD (Olatunji et al., 2007). Clark and Wells (1995) suggest that
self-focused attention prevents people from attending to external
information in their environment that might disconﬁrm their
beliefs about the occurrence of negative evaluation after social
encounters. We might expect that diﬃculty in disengaging from
threat might be related to maintaining attention internally. This
is relative to when someone shows a tendency for facilitated
engagement with threat or avoidance of threat where the ability
to shift attention is preserved. In these cases, we might expect a
shift in attention from internal cues to the non-occurrence of an
expected negative outcome.
Attention plays an important role in both the onset and
maintenance of anxiety disorders and also in the learning that
takes place during their treatment, irrespective of the model
one uses to explain the eﬀects of exposure therapy. We will
now examine the evidence concerning how attention to threat-
relevant stimuli diﬀers between individuals and what the eﬀects
of these diﬀerences are on the eﬃcacy of exposure therapy.
Attentional Biases and Treatment
Outcomes
Research in this area began indirectly with a number of studies
that explored the eﬀects of exposure (alone or as part of a
program of CBT) on attention biases. These studies measured
attention biases in terms of performance interference on a
color naming Stroop task when the words included in the
task were disorder-relevant (e.g., spider phobic participants
being shown spider, web or crawling). Lavy et al. (1993;
N = 36) showed evidence of a trend-level correlation between
pre-treatment Stroop interference (SI) scores and behavioral
avoidance following treatment (r = −0.25, p = 0.07). We
might tentatively interpret this ﬁnding as suggesting that greater
interference from disorder-relevant words on color-naming in
a Stroop task was associated with greater behavioral avoidance
following treatment. Put otherwise, a threat-related attention
bias was associated with worse treatment outcome. In another
study, there was no signiﬁcant diﬀerence in pre-treatment SI
scores for social threat words between clients who responded to
treatment and those that did not (Mattia et al., 1993; N = 33).
Participants in this study were given either a pharmaceutical
intervention, pill placebo or 12-weeks of group CBT (including
sessions of cognitive restructuring, goal setting and exposure).
However, the authors did not test whether treatment response
was diﬀerentially related to SI scores for each of these treatment
modalities separately. This makes it impossible to conclude
as to the speciﬁc relationship between CBT or the exposure
component within and SI. van den Hout et al. (1997) also
reported no correlation between pre-treatment SI scores and
treatment gains in a sample of participants with speciﬁc phobia
(N = 37) who received a single session of exposure treatment.
Lundh and Öst (2001) showed that in a sample of social phobia
clients who received individual, group or self-administered CBT
(N = 24) that a greater proportion of treatment responders (78%)
showed SI at pre-test relative to non-responders (50%) who “did
not show any Stroop Interference before treatment,” although
this was not statistically tested. However, the authors did not
provide detail on the components of their CBT programs limiting
the conclusions that can be made concerning the relationship
between attention biases and exposure. In their investigation into
the eﬀects of diﬀerent psychological treatments on SI on motor-
vehicle accident related PTSD (N = 23), Devineni et al. (2004)
showed that pre-treatment SI did not signiﬁcantly predict the
presence or absence of PTSD immediately after treatment or at
3-months follow-up. However, they also report an improvement
in PTSD status irrespective of whether participants received CBT
or were on a wait-list control. It is meaningless therefore to
draw any distinction between treatment responders and non-
responders given that it is impossible to diﬀerentiate a treatment
responder from a control participant whose symptoms abated
over time. Also, more recently, researchers have questioned the
validity of using SI to measure attentional biases. Performance
on the Stroop does not require any overt orientating of attention
and it is not possible to determine whether the Stroop is instead
drawing upon a covert attentional system. SI may be more
indicative of a general threat-processing deﬁcit rather than a
deﬁcit in any speciﬁc attentional component (Weierich et al.,
2008). As such, the aforementioned studies are presented in
brief because of their signiﬁcant methodological limitations
and the problematic use of SI to infer attention biases (see
Discussion).
In light of these methodological problems, Legerstee et al.
(2009) were the ﬁrst researchers to directly investigate the
eﬀects of threat-related attentional biases on treatment outcomes.
Children (N = 131; age range 8–16 years) who presented with a
primary diagnosis of Separation Anxiety Disorder, GAD, SAD,
or Speciﬁc Phobia were randomized into group or individual
(although there was no test of whether either was better than
the other) CBT programs. The authors reported that response
latencies to a Dot Probe target that followed a severe threat
image in severe/neutral image pairings predicted 10–13% of
the variance in treatment outcome (p = 0.001), even when
controlling for pre-treatment anxiety severity. Contrary to their
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hypotheses, treatment responders were less likely to engage their
attention toward threat images than non-responders, who were
more likely to show diﬃculties in disengaging their attention
from threat. According to the authors, people who tend to inhibit
negative information and avoid processing threatening stimuli in
detail may respond better to CBT.
Legerstee et al. (2010) replicated this ﬁnding in a similar
study that separated participants in terms of whether they
responded to treatment and how long it took for them to
respond. Participants (N = 91) had a similar demographic and
diagnostic proﬁle to participants in their previous study. Initial
responders no longer met diagnostic criteria after 10 sessions
of CBT alone and four sessions with their parent; secondary
responders were those who continued to meet diagnostic criteria
after these initial sessions but who later responded following
10 subsequent sessions of combined child and parent sessions.
They found that initial responders showed slower responses
on congruent trials where the target followed the threat image
in threat/neutral image pairings, than on incongruent trials
where the target followed the neutral image. Put otherwise,
initial responders showed selective attention away from threat,
attending more toward neutral images than to threat images.
Secondary responders showed selective attention toward threat
with slower responses on incongruent trials than on congruent
trials. Treatment non-responders showed no evidence of an
attentional bias toward or away from threat before or after
treatment. Following treatment, initial and secondary responders
showed diﬃculties disengaging from threat. This conﬁrmed
Legerstee et al. (2009) earlier conclusion that exposure might
reinforce prolonged engagement with feared stimuli. Participants
with a bias in either direction responded better to treatment than
people with no bias at all.
Price et al. (2011) investigated whether the direction of
attentional selectivity, toward or away from threat, inﬂuenced
treatment outcome in a sample of adults with SAD (N = 24)
who underwent eight sessions of CBT including virtual reality
exposure. Attentional bias was assessed using a neutral/threat
(angry) face Dot Probe task. Mean response times in congruent
trials, when the target followed the threat image, were
subtracted from incongruent trials, where the target followed
the neutral image. Participants with a positive score on
this index were classiﬁed as being vigilant toward threat
whereas a negative score meant they were avoidant of threat.
Avoidant attention biases at pre-treatment were associated
with worse post-treatment symptom scores relative to vigilant
threat biases. A tendency to attend more toward threat was
associated with improved outcomes relative to attending away
from threat. The authors reasoned that avoidance of threat
was analogous to distraction and poor engagement with
exposure and worsened extinction learning. Further analysis
suggested that the eﬀect of an avoidant attention bias on
treatment outcome was independent of the severity of this
bias. However, for those with a vigilant threat bias, higher
scores were associated with worse response to treatment. These
ﬁndings suggest that even though generally attending toward
threat may be beneﬁcial, there is also variability within this
bias, such that being highly vigilant and perhaps not being
able to attend anywhere other than toward threat can be
detrimental.
The ﬁndings of Price et al. (2011) were replicated in a sample
of children with a principle diagnosis of GAD or SAD (N = 35)
that received a group CBT program (Waters et al., 2012). After
10 weeks of treatment, participants with an attention bias toward
threat, assessed using the angry-face Dot Probe task, showed
lower parent-rated symptom severity relative to children with
an attention bias away from threat. Children with an attention
bias toward threat were also less likely to meet diagnostic
criteria at post-treatment. Waters et al. (2012) added that the
relationship between attention biases and treatment response
appeared to be independent of the severity of pre-treatment
disorder severity.
Finally, Niles et al. (2013) gave participants (N = 22) a
12-session course of CBT or ACT for social phobia. They
used a Spatial Cuing task to measure attentional biases. In
their variant of the Spatial Cuing task, threatening (angry or
disapproving) faces or images of neutral household objects were
presented in the center of the screen and this was then followed
by a target letter above, below, or to the left or right. The
time participants took to identify the target letter was then
averaged across both threat categories. Participants who showed
slower reaction times identifying targets that were preceded by
a threatening face (interpreted as diﬃculty disengaging from
threat) also showed greater improvement in clinician-rated fear
and avoidance scores after treatment, relative to participants
who showed no response slowing. There was also a trend
toward the same relationship with self-report symptoms too.
Attention toward threat, and in particular diﬃculty disengaging
with threat, was associated with improved response to treatment
relative to if a client showed no threat-related attention
bias.
Attention-Like Traits and Treatment Outcome
People who selectively attend toward threat may also be those
who adopt a monitoring coping style in managing their anxiety
and who seek knowledge about sources of threat and make
greater attempts at processing threat stimuli (Mobini and Grant,
2007). Alternatively, people who selectively attend away from
threat – or who adopt a blunting coping style –may bemore likely
to inhibit threatening information and avoid fully engaging with
exposure stimuli or situations (Mobini and Grant, 2007). There
have been a number of studies concerned with exploring whether
monitoring or blunting coping styles, measured using self-report
questionnaires, were related to treatment outcomes (Steketee
et al., 1989; Muris et al., 1993a,b, 1995; Antony et al., 2001).
However, the ﬁndings in this area have been mixed. Steketee
et al. (1989) found that monitors, relative to blunters, had
greater habituation in heart rate, within and between exposure
sessions. However, Muris et al. (1993a,b, 1995) showed that
blunters, relative to monitors, improved most in self-report
symptom measures and behavioral approach following a one-
session exposure treatment. These studies do not include a
crucial control group of people who were neither monitors nor
blunters, but these data would suggest that monitoring and
blunting, or at least self-reporting as such, are both associated
Frontiers in Psychology | www.frontiersin.org 7 July 2015 | Volume 6 | Article 968
Barry et al. Attention and anxiety treatment
with improved treatment outcomes at least immediately post-
treatment.
The Neurophysiology of Attention and
Treatment Outcomes
Neurological Correlates of Treatment Response
A number of studies have explored the neural correlates of
exposure outcomes and in particular how areas of the brain
associated with attentional engagement might relate to treatment
outcome. Improved treatment outcome has been associated with
increased activity in the hippocampus at pre-treatment baseline
tests when participants are processing CS–US relationships
and in particular when appraising the CS as threatening and
predictive of the US (Lueken et al., 2013). Increased volume
and activation of the hippocampus has also been associated
with an attention bias toward threat faces in a Dot Probe task
(Fani et al., 2013). More speciﬁcally, deﬁcits in disengagement
from threat have been associated with sustained activity in
the hippocampus even after attention has been directed away
from threat and toward a neutral stimulus (Price et al., 2014).
Research suggests that the hippocampus is part of a network
of brain regions, including the ventral medial prefrontal cortex
and the amygdala, that are responsible for fear acquisition
and extinction. In particular, the hippocampus seems to be
involved in discriminating new information from information
that has previously been learnt (Milad and Quirk, 2012).
Increased hippocampal activity and maintenance of attention
toward a threat may be associated with increased eﬀorts to
retrieve previous learning concerning the CS–US contingency
and integrate this with current information about the CS.
This new learning in the hippocampus could then be fed into
other regions of the network in provoking fear excitation or
inhibition depending on whether or not the potential threat that
was attended to resulted in the aversive consequence that was
anticipated.
Research from pharmaceutical augmentation studies can also
shed further light on the possible role of attentional biases in
treatment where the pharmaceuticals in question are known to
inﬂuence the neural attention system. The eye region of the
face represents a particularly salient signal for threat for people
with SAD. Overt gaze ﬁxation to this region of the face is
associated with heightened physiological and amygdala activity
(e.g., Schneier et al., 2009; Wieser et al., 2009). The amygdala
is thought to play an important role in the expression of fear
such that heightened activity in this region has been associated
with the anticipation and experience of an aversive event (Milad
and Quirk, 2012). Intranasal administration of oxytocin has been
associated with increased frequency and duration of ﬁxations on
the eye region of the face during free-viewing in a gaze-tracking
procedure (Guastella et al., 2008). This might be because oxytocin
can reduce activity in the amygdala in response to threat-related
faces (Labuschagne et al., 2010). Oxytocin administration has also
been associated with enhanced response to exposure therapy in
SAD with greater improvement on self-report symptom scores
(Guastella et al., 2009). Under the inﬂuence of oxytocin, amygdala
activity and so too the physiological fear response may be reduced
and so socially anxious people are better able to spend more time
attending to the eye region of the face. Thismight in turn facilitate
violation of expectancy of negative social judgment and then also
lead to clinical improvement.
Genetic Correlates of Treatment Response
Lester and Eley (2013) present a review of genetic moderators
of treatment response for anxiety disorders. Within this review,
there are several particularly relevant examples. First, the short
allele, low-expression, polymorphism in the gene that codes
for the protein that transports serotonin from one neuron
to another (5-HTTLPR) has been associated with improved
response to treatment (e.g., Eley et al., 2012). This particular
polymorphism is associated with increased serotonin in the
cleft between neurons and this has been associated with
increased reactivity to stress and increased attention bias for
emotional stimuli (Pergamin-Hight et al., 2012). In particular,
the low expression polymorphism and greater availability of
serotonin in the synaptic cleft has been associated with increased
attention toward threat in an angry-face Dot Probe task (Pérez-
Edgar et al., 2010; Lonsdorf et al., 2014). The low-expression
polymorphism has also been associated with a stronger attention
bias toward threat after an attention bias modiﬁcation treatment
(ABMT) procedure designed to train attention toward threat,
relative to the high-expression form (Fox et al., 2011). People
with the low-expression form may be more likely to show
an attention bias toward threat and therefore also improved
response treatment.
Summary of Findings
There is some conﬂict in the literature concerning attention
biases and treatment outcome (see Table 1 for a summary).
There are a number of studies which illustrate how a tendency
to selectively attend toward threat is predictive of improved
response to exposure treatment relative to attending away from
threat (Price et al., 2011; Waters et al., 2012) and relative to
not having any particular bias (Lundh and Öst, 2001; Legerstee
et al., 2010; Niles et al., 2013). These data receive additional
support from neurological and genetic research that suggest
that patterns of neural activation and chemical transmission
associated with enhanced attentional engagement and deﬁcits
in attentional disengagement from threat are associated with
greater beneﬁt from treatment (Guastella et al., 2009; Eley
et al., 2012; Lueken et al., 2013). Conversely, there is also
some evidence to suggest that a tendency to avoid threat is
associated with improved response to treatment relative to
attending toward threat (Legerstee et al., 2009) or having no
bias in either direction (Legerstee et al., 2010). These data
gain partial support from self-report data from the domain of
coping styles wherein people who report a tendency to blunt
emotional information and avoid attending to threat show better
responding to treatment relative to people who monitor and
engage with threat (Muris et al., 1993a,b, 1995; Antony et al.,
2001).
Several earlier studies, prior to the development of more
robust measures of attentional selectivity such as the Dot Probe
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TABLE 1 | A summary of research exploring the relationship between pre-treatment attentional bias and treatment outcomes following CBT for a range
of anxiety disorders.
Sample Measures Treatment Main findings
Attention Outcomes Conditions No. sessions
Lavy et al.
(1993)
Adults; SP
(Spiders); N = 36
Stroop Behavioral approach test
(BAT)
Exposure with or
without elaboration
1 Worse outcomes for
people with SI
Mattia et al.
(1993)
Adults; SAD;
N = 33
Stroop Clinician severity rating
(CSR)
Drug vs. CBT vs.
placebo
12 No significant effects
van den Hout
et al. (1997)
Adults; SP
(Spiders); N = 37
Stroop Symptom scale (SPQ);
BAT
Exposure alone 1 No significant effects
Lundh and Öst
(2001)
Adults; SAD;
N = 24
Stroop Diagnostic interview
(ADIS)
Individual, group or
self-administered CBT
12 or
3 months
with
manual
Treatment responders
more likely to show SI
Devineni et al.
(2004)
Adults; PTSD;
N = 23
Stroop Symptom scale (CAPS) CBT vs. group support
vs. wait-list
8–12 No significant effects
Legerstee et al.
(2009)
Children; mixed;
N = 131
Dot
Probe
Diagnostic interview
(ADIS-C)
Individual (69%) or
group (31%) CBT
Not given Treatment responders
attend away from threat
Legerstee et al.
(2010)
Children; mixed
N = 91
Dot
Probe
Diagnostic interview
(ADIS-C)
Phase 1: individual CBT
Phase 2: parent–child
CBT for phase 1
non-responders
10 in phase
1;
4 in phase
2
Initial responders
attend away;
secondary responders
attend toward;
non-responders, no
bias
Price et al.
(2011)
Adults; SAD;
N = 24
Dot
Probe
Self-report symptom
scale (LSAS)
CBT with virtual
exposure
8 Symptom reduction
associated with
attention toward threat
Waters et al.
(2012)
Children;
GAD/SAD; N = 35
Dot
Probe
Self-report symptom
scale (SCAS-P); ADIS-C
Group CBT 10 Symptom reduction
associated with
attention toward threat
Niles et al.
(2013)
Adults; SAD;
N = 22
Spatial
cuing
Clinician rated fear and
avoidance; LSAS, SIAS,
and SPS composite
CBT vs. ACT 12 Symptom reduction
associated with
attention toward threat
(deficit in
disengagement)
SAD, social anxiety disorder; PTSD, post-traumatic stress disorder; GAD, generalized anxiety disorder; CBT, cognitive-behavioral therapy; ACT, acceptance and
commitment therapy; SPQ, spider phobia questionnaire; ADIS (-C), Anxiety Disorder Interview Schedule (-Child version); CAPS, Clinician Administered PTSD Scale;
LSAS, Liebowitz Social Anxiety Scale; SCAS-P, Spence Children’s Anxiety Scale – Parent Version; SIAS, Social Interaction Anxiety Scale; SPS, Social Phobia Scale.
task or the Spatial Cuing task, showed that interference in the
Stroop task – and presumably therefore also attention toward
threat – was either not associated with treatment outcome (Mattia
et al., 1993; van denHout et al., 1997; Devineni et al., 2004) or was
associated with worsened outcome relative to people who showed
no interference/bias (Lavy et al., 1993).
Based on the most recent data, the majority of the literature
using more valid measures of attentional biases such as the Dot
Probe and Spatial Cuing task, seems to suggest that an attention
bias toward or away from threat is associated with improved
outcome relative to no bias at all. Furthermore, there is some
evidence that even when these two biases lead to the same
treatment response, they may diﬀer in terms of how rapidly they
lead to this response (Legerstee et al., 2010).
Discussion
Cognitive-behavioral therapy for anxiety disorders is imperfect;
relapse can occur. We present one possible cognitive variable
in attentional biases that might explain individual diﬀerences
in the learning that takes place during a crucial component of
CBT for anxiety disorder, exposure to feared stimuli, and in so
doing might also explain diﬀerences in treatment response. The
evidence presented in this review suggests that a tendency to
preferentially attend toward or away from threat, relative to an
equal distribution of attention irrespective of threat, results in
greater reduction in clinical symptoms and diagnoses following
CBT for children and adults with a range of anxiety disorders.
The idea that a neurocognitive factor such as an attention bias
that is also associated with the development and maintenance of
disorder, is similar to the ﬁndings of a recent review of genetic
predictors of treatment response wherein the same genes that are
associated with greater risk for anxiety are also associated with
the greatest improvement following psychotherapy (Lester and
Eley, 2013). One of the reasons that attention might inﬂuence
treatment outcome is through the role that attention plays in
the exposure component of CBT. It is possible, although not
directly tested in any of the reviewed studies, that a threat-related
attention bias alters processing of feared stimuli, the contexts
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that surround them and their relationships with expected aversive
events. In exposure it is essential that clients learn that the
things they are afraid of are not necessarily as bad as they
expect rather than to learn that they might not be bad because
they are in a safe environment or because the thing they
are encountering is not the same as the thing to which they
originally acquired fear or to other similar things they might
encounter after treatment. As such, biases in attentional selection
might facilitate greater engagement with threat and increase the
possibility that a person might learn that feared stimuli or their
fear-evoking features are not necessarily predictive of something
aversive occurring. Engagement with threat stimuli and their
threat-associated features might also narrow attention and reduce
engagementwith safe or non-threatening elements of a context or
a stimulus’ features that might predict the non-occurrence of the
US. Interestingly, this does not appear to be universally beneﬁcial,
as Price et al. (2011) reported that though attention toward threat
appears to be beneﬁcial, a particularly severe bias toward threat
was associated with worse outcomes.
It is important to reconcile the apparent conﬂict between data
that suggest that both an attention bias toward threat and away
from threat can both be beneﬁcial to a client. There is evidence
from Dot Probe and eye-tracking studies that even where an
attention bias away from threat might appear to be present,
that this bias is actually characterized by rapid orientation or
engagement with threat and then subsequent disengagement and
avoidance of threat (Koster et al., 2006; Armstrong and Olatunji,
2012). In a Dot Probe task with 500 ms cue presentations, as
is the case in all of the reviewed studies that use that measure,
participants are able to rapidly engage with the threat stimulus
and then rapidly shift their attention to the opposite neutral
stimulus and so respond to any target that follows this neutral
stimulus as though they had avoided the threat entirely (Hallion
and Ruscio, 2011). A fMRI study showed that the neurological
correlates of engagement with threat and of CS–US appraisal
continue to show sustained activity even when attention is no
longer overtly directed toward threat (Price et al., 2014). Perhaps
even when there is overt orientation of the eyes away from threat,
covert attention toward threat can persist. In this respect the
distinction between persons who appear to have a bias toward
or away from threat may not be as clear-cut as reaction time
based measures often suggest. More advanced methodology such
as eye-tracking or neuroimaging are needed to more accurately
examine how these patterns of attention are related to exposure
learning.
Another way to reconcile the apparent conﬂict between
attention biases toward and away from threat both being
beneﬁcial to treatment relates to the literature concerning focused
versus distracted exposure. It may be the case that attending away
from threat allows people to continue to engagewith the exposure
session whilst preventing them from being overwhelmed with
fear, in the same way that distracted exposure can enhance
treatment beneﬁt (Parrish et al., 2008). Being overwhelmed could
prevent anxious people from engaging fully with processing
feared stimuli or even prevent them from learning anything.
There is also some variability between the reviewed studies
concerning whether they show any eﬀect of attention on
treatment outcome. Some of the earlier studies using the
emotional Stroop task to measure threat interference showed no
association between supposed attentional biases and treatment
outcome. However, more recent interpretations of Stroop
interference are that it reﬂects a general deﬁcit in processing of
threat rather than any component of attention biases (Weierich
et al., 2008). Furthermore, the absence of Stroop interference
does not necessarily disqualify someone from having an attention
bias as it may also be the case that they exhibit a threat-
avoidant attention bias and enhanced disengagement from threat
relative to more vigilant people. Also, in some of these studies
participants were aggregated across treatment conditions into
overall treatment response groups (e.g., Mattia et al., 1993; Lundh
andÖst, 2001). As such, caution should be applied to any research
where Stroop interference is used to measure threat-related
attention biases. More sensitive measures of overt attention such
as the Dot Probe and Spatial Cuing tasks revealed signiﬁcant
associations between attention and treatment outcome.
Some of the data presented herein suggests that having no
predominant bias toward or away from threat is predictive of
worse treatment outcomes relative to the presence of attentional
biases in either direction. Despite a consensus within the
attention bias modiﬁcation literature that attention biases must
be reduced in the same way that other symptoms are (Hakamata
et al., 2010; Hallion and Ruscio, 2011; Beard et al., 2012),
the research presented here suggests that attentional biases can
actually facilitate clinical improvement. It may even be the case
that threat-related attention biases are a necessary component of
CBT for anxiety disorders given that some studies showed that
having no bias at all leads to no response to treatment.
If it is possible to improve treatment outcome by attending
more or less toward threat then it may be the case that
procedures that modify attentional biases could be used to
augment clinical improvement through exposure. Several studies
have been conducted to investigate the possible augmenting
eﬀects of ABMT on CBT. Studies have shown that training
attention away from threat (e.g., higher proportion of Dot Probe
cues following neutral stimuli) can improve treatment response
relative to CBT alone (Schechner et al., 2014) and CBT with a
placebo ABMT (Riemann et al., 2013; Kuckertz et al., 2014). Amir
and Taylor (2012) found that reductions in the bias toward threat
from pre- to post- treatment, following ABMT training attention
away from threat, was predictive of symptom improvement.
Kuckertz et al. (2014) showed that a threat-avoidant bias at
pre-treatment led to greatest clinical improvement after their
ABMT/CBT augmentative program relative to people with a bias
toward threat. However, Rapee et al. (2013) found no eﬀect of
their ABMT on clinical outcomes, although they also observed
no change in the bias from pre to post-treatment. Two studies
combining training attention toward positive stimuli (e.g., higher
proportion of Dot Probe cues following happy faces) with one
session exposure (Waters et al., 2014) or a larger CBT program
(Britton et al., 2013) found no signiﬁcant eﬀects on clinical
outcomes beyond CBT alone.
However, in these studies the ABMT is administered
concurrently with each CBT session making it impossible to
conclude as to the eﬀects of ABMT and changes in attention on
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subsequent learning during treatment. Also, the authors did not
include an additional comparison group wherein attention was
trained toward threat, although it was not within the purpose of
their studies to include such a control. This would allow us to
conclude as to whether attentional training in either direction
leads to better treatment response relative to placebo-ABMT or
no ABMT, or whether a bias in a particular direction leads to
better response. Nevertheless, there is some promising evidence
that augmenting CBT with ABMT might lead to improved
outcomes and in particular that training people to attend away
from threat might be most beneﬁcial. Future research must now
explore how changes in attention biases, as a result of ABMT,
might inﬂuence the way people learn during other aspects of CBT
such as during exposures.
An interesting adjunct to this is that some of the studies
reviewed here suggest that not all anxious people possess a
threat-related attention bias and if they do it may not be in the
same direction. Unaccounted for variability in the direction and
extent of pre-existing individual diﬀerences in attentional biases
in participants of ABMT trials might explain why ABMT shows
such small eﬀect sizes as it may be more diﬃcult to train people’s
attention in the opposite direction to their existing biases and
where there is already an attention bias away from threat it might
be more diﬃcult to inﬂuence anxiety symptoms by reinforcing
this bias (Hallion and Ruscio, 2011). It is most often the case
that in ABMT trials participants are distributed into treatment
groups irrespective of whether any attention bias exists or not and
irrespective of the direction of that bias should it exist (e.g., Amir
et al., 2008; Schmidt et al., 2009). The data reviewed here suggests
that ABMT research should give greater consideration to pre-
existing biases prior to treatment as well as the interacting role
that attention biases might play in other elements of CBT. ABMT
in conjunction with CBT may not be necessary for people with
an attention bias toward threat as they may show a good response
to treatment without it. ABMT oﬀered prior to CBT might help
train people with no bias to engage more toward threat.
Although it is beyond the scope of the present review to
consider how similar processes might operate within other
treatments for anxiety, it is worth mentioning that similar
processes might operate in treatments such as acceptance and
commitment therapy (ACT). In ACT exposure to the sources
of one’s fears and reductions in avoidance of fear-evoking
stimuli are crucial. Niles et al. (2013) found that pre-treatment
attention biases were a better predictor of treatment outcome
for participants who underwent CBT than for participants who
underwent ACT. They hypothesize that ACT may speciﬁcally
target and modify attentional processes and so the eﬀects
of individuals diﬀerences on treatment outcome are reduced.
This suggests that individual diﬀerences in attention may
only inﬂuence outcomes in CBT because there is insuﬃcient
modiﬁcation of attention in existing CBT packages. ACT-based
research also suggests that high levels of trait avoidance, similar
to the attention-like trait of blunting, is predictive of lower
engagement with the exposure components of treatment (Levitt
et al., 2004). Future research could examine the beneﬁt to CBT of
incorporating some element of the attentional training that exists
in approaches such as ACT.
Clinical Implications
The evidence reviewed here has several implications for clinical
practice. We present one example of how individual diﬀerence
variables can inﬂuence treatment outcomes. This has rather
broad implications for clinical practice in suggesting that greater
care should be taken in tailoring treatment to individual
neurocognitive proﬁles rather than to try and ﬁt everyone
into the same treatment. More speciﬁcally, similar to Parrish
et al. (2008) who showed in their review of the eﬀects of
distraction on exposure outcome, we have shown that there
is a range of evidence suggesting that threat-related biases in
attention are not necessarily as negative as has been suggested
elsewhere and there should be less clinical emphasis placed
on resolving these biases where they exist. As was suggested
by Legerstee et al. (2010) it may even be necessary to train
attentional biases toward or away from threat in order to
produce the best response to treatment. Nevertheless, clinicians
may ﬁnd it beneﬁcial to measure attention biases prior to
treatment in order to gear treatment to individual cognitive
proﬁles. In the presence of no attention bias or an attention
bias away from threat, it might be beneﬁcial for clinicians
to ensure that clients are focused on the exposure stimuli
and not the context of exposure, as well as the threatening
features of exposure stimuli and its commonalities with other
similar stimuli. In the case of attention toward threat it would
be important to ensure that clients aren’t overwhelmed by
their anxiety, and in particular cases of SAD and PD, it
would be important to make sure that clients do not focus
too much on internal symptoms but also acknowledge that
the anticipated negative outcome is not occurring. However,
some important issues must be examined further before
more meaningful conclusions and recommendations can be
given.
Future Research
One important omission in the existing literature concerns
whether any of the observed eﬀects of attention on treatment
outcome are preserved at follow-up assessments. This is
particularly important because it has often been shown that
people who respond best to treatment also often continue to
show selective attention toward threat after treatment (Legerstee
et al., 2009, 2010). Existing data concerning the potential
causative role of attentional biases in the development and
maintenance of anxiety (Bar-Haim et al., 2007; Van Bockstaele
et al., 2014) might suggest that those people who continue
to show a bias at post-treatment would also be the most
likely to relapse. For example, threat-related attentional biases
have been shown to be predictive of increased reactivity to
social stressors (Fox et al., 2010) and stimuli related to speciﬁc
phobias (Van Bockstaele et al., 2011). Prospective research
has also shown that children who show an attentional bias
toward threat are more likely to develop social withdrawal
typical of SAD in adolescence (Pérez-Edgar et al., 2011). If
attention biases develop or are reinforced by exposure treatment,
this could be a mechanism by which relapse occurs, even if
treatment is seen to be eﬀective immediately after treatment
completion.
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However, preferentially attending to previously feared stimuli
instead of neutral stimuli may not be maladaptive providing that
once a stimulus is attended to, there is not an overestimation that
something negative might subsequently occur. Unless increased
attention toward threat was also associated with anticipation of
an aversive event, then we might not expect any return of fear
to occur. As Legerstee et al. (2009) suggest, exposure therapy
might encourage people to attend toward supposedly threatening
stimuli but that is not to say that it encourages people to
anticipate threat after encountering a once feared stimulus. It may
also be the case that the attentional system operates similarly to
the valence system in so far as it is possible to show extinction
of fear and new learning about the contingency between a CS
and an aversive US but that is not to say that once feared
stimuli will show any change in pleasantness after extinction or
exposure (Hermans et al., 2002; Dirikx et al., 2004) just as people
may still show some preferential attentional tendency around
them.
The research to date also lacks an analysis of any possible
interactive eﬀects of attentional biases with diagnosis on
treatment outcome. Most studies include a broad range of
anxiety disorders and lack the sample size to investigate whether
the eﬀects of attentional biases on treatment outcome are
speciﬁc to a given anxiety diagnosis or whether the eﬀects
are transdiagnostic. There is evidence to suggest that there
is some speciﬁcity in the direction and latency of attentional
biases between anxiety disorders (Armstrong and Olatunji, 2012)
and so we might also expect diﬀerential eﬀects on treatment.
Additionally, most of the studies reviewed here include exposure
within an overarching CBT program. It is important that further
research clariﬁes whether the eﬀects of attentional biases on
treatment outcome are speciﬁc to exposure and extinction
learning or are due to an interaction between attention and
some other element of CBT. What is also lacking in many
of the studies reviewed here is a sample of participants who
exhibited no attention bias in any particular direction. This
third group can act as a vital comparison in determining
whether any bias is better than no bias in terms of positively
inﬂuencing treatment outcome. Future research could also
assess the potential relationship between trait-based individual
diﬀerences in the scope of attention (narrow or broad), perhaps
using the Navon task (see Navon, 1977), and the direction of
attention biases in predicting treatment outcome. It may be
the case that among those who preferentially attend toward
threat, only those who also show a tendency for narrowed
attentional focus would show improved response to treatment
relative to those with a broader focus of attention. This is
because the broad group may be more likely to also process
contextual cues that might explain the non-occurrence of the
US, whereas the narrow group may only attend to the threat
stimulus. Where possible Dot Probe and Spatial Cuing tasks
should also use disorder-congruent and perhaps also individually
selected stimuli so as to provide the most accurate picture of
the extent of individual attention biases (Pergamin-Hight et al.,
2015). Much of this work can also be achieved experimentally,
similarly to the study performed by Waters and Kershaw
(2015) where fear is installed and extinguished in a laboratory
setting, and the eﬀects of individual diﬀerences in attention are
explored.
Nevertheless, research must now directly examine, through
experimental and clinical investigation, why individual
diﬀerences in attentional biases can inﬂuence treatment
outcome. There must be a move away from reaction time
measures to more robust measurement techniques that allow for
direct, online, measurement of overt and covert attention before
and during exposures. Eye-tracking methodology could provide
such a measure of overt attention and neuroimaging might be
used to assess covert attention. Pre-treatment ﬁxation data could
be used to predict subsequent treatment response in the same
way that Dot Probe data has to-date. This could be coupled with
neuroimaging data to assess whether the relationship between
overt attention toward or away from threat and treatment
outcome is in turn related to neural patterns of covert threat
engagement. We might also measure ﬁxation and neural activity
during exposures. From this it would be possible to relate pre-
treatment attention biases to actual visual behavior and covert
engagement during exposure and to relate these variables to fear
within- and between- sessions as well as overall clinical response
at post-treatment and follow-up. This would make it possible to
test whether people with an attention bias show better treatment
response than people with no attention bias because they spend
more time processing exposure stimuli rather than to distractors
in the environment, contexts or safe stimulus features.
Conclusion
In order to further improve already eﬃcacious treatments, it is
important that there is now a move within clinical psychology
from a broad perspective where treatment modalities compete
against one another for superiority, to one in which we consider
which treatments work best for whom and why. It is important
that we now consider how the individual diﬀerences that underlie
disorder interact with existing treatments in order to better
understand the mechanisms by which these treatments work.
This knowledge can be used to not only guide the prescription of
treatment but also to enhance some element of treatment. More
speciﬁcally, it is also important that there is a move away from
considering biases in attention – and no doubt cognitive biases in
general – as universally negative, and a move toward considering
them from a functional perspective where they can be positive in
certain situations where enhanced threat processing and reduced
peripheral processing is required.
Acknowledgments
This research was supported by a research program of the
Research Foundation Flanders (FWO) and by the University
of Leuven, Centre of Excellence on Generalization Research
(GRIP*TT; University of Leuven grant PF/10/005). TB is a
research assistant for the FWO. This research was also supported
by a Research Program of the Research Foundation-Flanders
(FWO; G.0339.08).
Frontiers in Psychology | www.frontiersin.org 12 July 2015 | Volume 6 | Article 968
Barry et al. Attention and anxiety treatment
References
Amir, N., and Taylor, C. T. (2012). Combining computerized home-based
treatments for generalized anxiety disorder: an attention modiﬁcation
program and cognitive behavioral therapy. Behav. Ther. 43, 546–559. doi:
10.1016/j.beth.2010.12.008
Amir, N., Weber, G., Beard, C., Bomyea, J., and Taylor, C. T. (2008). The eﬀect of a
single-session attentionmodiﬁcation program on response to a public-speaking
challenge in socially anxious individuals. J. Abnorm. Psychol. 117, 860–868. doi:
10.1037/a0013445
Antony, M. M., McCabe, R. E., Leeuw, I., Sano, N., and Swinson, R. P. (2001).
Eﬀect of distraction and coping style on in vivo exposure for speciﬁc phobia
of spiders. Behav. Res. Ther. 39, 1137–1150. doi: 10.1016/S0005-7967(00)
00089-9
Armstrong, T., Hemminger, A., and Olatunji, B. (2013). Attentional bias in
injection phobia: overt components, time course, and relation to behavior.
Behav. Res. Ther. 51, 266–273. doi: 10.1016/j.brat.2013.02.008
Armstrong, T., and Olatunji, B. O. (2012). Eye tracking of attention in the aﬀective
disorders: a meta-analytic review and synthesis. Clin. Psychol. Rev. 32, 704–723.
doi: 10.1016/j.cpr.2012.09.004
Armstrong, T., Olatunji, B. O., Sarawgi, S., and Simmons, C. (2010). Orienting
and maintenance of gaze in contamination-based OCD: biases for disgust
and fear cues. Behav. Res. Ther. 48, 402–408. doi: 10.1016/j.brat.2010.
01.002
Bar-Haim, Y., Lamy, D., Pergamin, L., Bakermans-Kranenburg, M. J., and van
IJzendoorn, M. H. (2007). Threat-related attentional bias in anxious and
nonanxious individuals: a meta-analytic study. Psychol. Bull. 133, 1–24. doi:
10.1037/0033-2909.133.1.1
Beard, C., Sawyer, A. T., and Hofmann, S. G. (2012). Eﬃcacy of attention bias
modiﬁcation using threat and appetitive stimuli: a meta-analytic review. Behav.
Ther. 43, 724–740. doi: 10.1016/j.beth.2012.01.002
Berggren, N., and Derakshan, N. (2013). Attentional control deﬁcits in trait
anxiety: why you see them and why you don’t. Biol. Psychol. 92, 440–446. doi:
10.1016/j.biopsycho.2012.03.007
Borkovec, T. D., and Grayson, J. B. (1980). “Consequence of increasing the
functional impact of internal emotional stimuli,” in Advances in the Study of
Communication and Aﬀect: Assessment andModiﬁcation of Emotional Behavior,
eds K. Blankstein, P. Pliner, and J. Policy (New York, NY: Plenum Press),
117–137.
Bouton, M. E. (2004). Context and behavioral processes in extinction. Learn. Mem.
11, 485–494. doi: 10.1101/lm.78804.11
Britton, J. C., Bar-Haim, Y., Clementi, M. A., Sankin, L. S., Chen, G.,
Shechner, T., et al. (2013). Training-associated changes and stability of attention
bias in youth: implications for attention bias modiﬁcation treatment for
pediatric anxiety. Dev. Cogn. Neurosci. 4, 52–64. doi: 10.1016/j.dcn.2012.
11.001
Calvo, M. G., and Avero, P. (2005). Time course of attentional bias to emotional
scenes in anxiety: gaze direction and duration. Cogn. Emot. 19, 433–451. doi:
10.1080/02699930441000157
Cisler, J. M., and Koster, E. H. W. (2010). Mechanisms of attentional biases
towards threat in anxiety disorders: an integrative review. Clin. Psychol. Rev.
30, 203–216. doi: 10.1016/j.cpr.2009.11.003
Cisler, J. M., and Olatunji, B. O. (2010). Components of attentional biases in
contamination fear: evidence for diﬃculty in disengagement. Behav. Res. Ther.
48, 74–78. doi: 10.1016/j.brat.2009.09.003
Clark, D. M., and Wells, A. (1995). “A cognitive model of social phobia,” in
Social Phobia: Diagnosis, Assessment and Treatment, eds R. R. G. Heimberg, M.
Liebowitz, D. A. Hope, and S. Scheier (New York, NY: Guilford).
Craske, M. G., Kircanski, K., Zelikowsky, M., Mystkowski, J., Chowdhury, N.,
and Baker, A. (2008). Optimizing inhibitory learning during exposure therapy.
Behav. Res. Ther. 46, 5–27. doi: 10.1016/j.brat.2007.10.003
Craske, M. G., and Mystkowski, J. L. (2006). “Exposure therapy and extinction:
clinical studies,” in Fear and Learning: From Basic Processes to Clinical
Application, eds M. Craske, D. Hermans, and D. Vansteenwegen (Washington,
DC: American Psychological Association).
Craske, M. G., Street, L. L., Jayaraman, J., and Barlow, D. H. (1991). Attention
versus distraction during in vivo exposure: snake and spider phobias. J. Anxiety
Disord. 5, 199–211. doi: 10.1016/0887-6185(91)90001-A
Devineni, T., Blanchard, E. B., Hickling, E. J., and Buckley, T. C. (2004).
Eﬀect of psychological treatment on cognitive bias in motor vehicle accident-
related Posttraumatic Stress Disorder. J. Anxiety Disord. 18, 211–231. doi:
10.1016/S0887-6185(02)00247-5
Dirikx, T., Hermans, D., Vansteenwegen, D., Baeyens, F., and Eelen, P. (2004).
Reinstatement of extinguished conditioned responses and negative stimulus
valence as a pathway to return of fear in humans. Learn. Mem. 11, 549–554.
doi: 10.1101/lm.78004
Dunne, M., and Hartley, L. (1986). Scopolamine and the control of attention in
humans. Psychopharmacology (Berl.) 89, 94–97. doi: 10.1007/BF00175197
Ekman, P. (1992). Facial expression and emotion. Am. Psychol. 48, 384–392.
Eley, T. C., Hudson, J. L., Creswell, C., Tropeano, M., Lester, K. J., Cooper, P., et al.
(2012). Therapygenetics: the 5HTTLPR and response to psychological therapy.
Mol. Psychiatry 17, 236–237. doi: 10.1038/mp.2011.132
Ellenbogen, M. A., and Schwartzman, A. E. (2009). Selective attention
and avoidance on a pictorial cueing task during stress in clinically
anxious and depressed participants. Behav. Res. Ther. 47, 128–138. doi:
10.1016/j.brat.2008.10.021
Eysenck, M. W., Derakshan, N., Santos, R., and Calvo, M. G. (2007). Anxiety and
cognitive performance: attentional control theory. Emotion (Washington, D.C.)
7, 336–353. doi: 10.1037/1528-3542.7.2.336
Fani, N., Gutman, D., Tone, E., Almli, L., Mercer, K. B., Davis, J.,
et al. (2013). FKBP5 and attention bias for threat: associations with
hippocampal function and shape. JAMA Psychiatry 70, 392–400. doi:
10.1001/2013.jamapsychiatry.210.FKBP5
Felmingham, K. L., Rennie, C., Manor, B., and Bryant, R. A. (2011). Eye tracking
and physiological reactivity to threatening stimuli in posttraumatic stress
disorder. J. Anxiety Disord. 25, 668–673. doi: 10.1016/j.janxdis.2011.02.010
Foa, E. B., Huppert, J. D., and Cahill, S. P. (2006). “Emotional processing theory:
an update,” in Pathological Anxiety: Emotional Processing in Etiology and
Treatment, ed. B. O. Rothbaum (New York, NY: Guilford), 3–24.
Foa, E. B., and Kozak, M. J. (1986). Emotional processing of fear: exposure
to corrective information. Psychol. Bull. 99, 20–35. doi: 10.1037//0033-
2909.99.1.20
Förster, J., Friedman, R. S., Özelsel, A., and Denzler, M. (2006). Enactment
of approach and avoidance behaviour inﬂuences the scope of perceptual
and conceptual attention. J. Exp. Soc. Psychol. 42, 133–146. doi:
10.1016/j.jesp.2005.02.004
Fox, E., Cahill, S., and Zougkou, K. (2010). Preconscious processing biases
predict emotional reactivity to stress. Biol. Psychiatry 67, 371–377. doi:
10.1016/j.biopsych.2009.11.018
Fox, E., Russo, R., Bowles, R., and Dutton, K. (2001). Do threatening stimuli draw
or hold attention in subclinical anxiety? J. Exp. Psychol. 130, 681–700. doi:
10.1037/0096-3445.130.4.681
Fox, E., Russo, R., and Dutton, K. (2002). Attentional bias for threat: evidence for
delayed disengagement from emotional faces. Cogn. Emot. 16, 355–379. doi:
10.1080/02699930143000527
Fox, E., Zougkou, K., Ridgewell, A., and Garner, K. (2011). The serotonin
transporter gene alters sensitivity to attention bias modiﬁcation:
evidence for a plasticity gene. Biol. Psychiatry 70, 1049–1054. doi:
10.1016/j.biopsych.2011.07.004
Gerdes, A. B. M., Alpers, G. W., and Pauli, P. (2008). When spiders appear
suddenly: spider-phobic patients are distracted by task-irrelevant spiders.
Behav. Res. Ther. 46, 174–187. doi: 10.1016/j.brat.2007.10.010
Guastella, A. J., Howard, A. L., Dadds, M. R., Mitchell, P., and Carson, D. S. (2009).
A randomized controlled trial of intranasal oxytocin as an adjunct to exposure
therapy for social anxiety disorder. Psychoneuroendocrinology 34, 917–923. doi:
10.1016/j.psyneuen.2009.01.005
Guastella, A. J., Mitchell, P. B., and Dadds, M. R. (2008). Oxytocin increases
gaze to the eye region of human faces. Biol. Psychiatry 63, 3–5. doi:
10.1016/j.biopsych.2007.06.026
Hakamata, Y., Lissek, S., Bar-Haim, Y., Britton, J. C., Fox, N. A., Leibenluft, E.,
et al. (2010). Attention bias modiﬁcation treatment: a meta-analysis toward the
establishment of novel treatment for anxiety. Biol. Psychiatry 68, 982–990. doi:
10.1016/j.biopsych.2010.07.021
Hallion, L. S., and Ruscio, A. M. (2011). A meta-analysis of the eﬀect of cognitive
bias modiﬁcation on anxiety and depression. Psychol. Bull. 137, 940–958. doi:
10.1037/a0024355
Frontiers in Psychology | www.frontiersin.org 13 July 2015 | Volume 6 | Article 968
Barry et al. Attention and anxiety treatment
Hermans, D., Vansteenwegen, D., Crombez, G., Baeyens, F., and Eelen, P. (2002).
Expectancy-learning and evaluative learning in human classical conditioning:
aﬀective priming as an indirect and unobtrusive measure of conditioned
stimulus valence. Behav. Res. Ther. 40, 217–234. doi: 10.1016/S0005-
7967(01)00006-7
Hofmann, S. G. (2008). Cognitive processes during fear acquisition and extinction
in animals and humans: implications for exposure therapy of anxiety disorders.
Clin. Psychol. Rev. 28, 199–210. doi: 10.1016/j.cpr.2007.04.009
Hofmann, S. G., Ellard, K. K., and Siegle, G. J. (2012). Neurobiological
correlates of cognitions in fear and anxiety: a cognitive-neurobiological
information-processing model. Cogn. Emot. 26, 282–299. doi:
10.1080/02699931.2011.579414
Holas, P., Krejtz, I., Cypryanska, M., and Nezlek, J. B. (2014). Orienting
and maintenance of attention to threatening facial expressions in
anxiety - an eye movement study. Psychiatry Res. 220, 362–369. doi:
10.1016/j.psychres.2014.06.005
Johnstone, K. A., and Page, A. C. (2004). Attention to phobic stimuli during
exposure: the eﬀect of distraction on anxiety reduction, self-eﬃcacy and
perceived control. Behav. Res. Ther. 42, 249–275. doi: 10.1016/S0005-
7967(03)00137-2
Klinkenberg, I., Sambeth, A., and Blokland, A. (2011). Acetylcholine and attention.
Behav. Brain Res. 221, 430–442. doi: 10.1016/j.bbr.2010.11.033
Koster, E. H.W., Crombez, G., Verschuere, B., Van Damme, S., andWiersema, J. R.
(2006). Components of attentional bias to threat in high trait anxiety: facilitated
engagement, impaired disengagement, and attentional avoidance. Behav. Res.
Ther. 44, 1757–1771. doi: 10.1016/j.brat.2005.12.011
Kuckertz, J. M., Amir, N., Boﬀa, J. W., Warren, C. K., Rindt, S. E. M., Norman, S.,
et al. (2014). The eﬀectiveness of an attention bias modiﬁcation program as an
adjunctive treatment for Post-Traumatic Stress Disorder. Behav. Res. Ther. 63,
25–35. doi: 10.1016/j.brat.2014.09.002
Labuschagne, I., Phan, K. L., Wood, A., Angstadt, M., Chua, P., Heinrichs, M.,
et al. (2010). Oxytocin attenuates amygdala reactivity to fear in generalized
social anxiety disorder. Neuropsychopharmacology 35, 2403–2413. doi:
10.1038/npp.2010.123
Lavy, E., van den Hout, M., and Arntz, A. (1993). Attentional bias and spider
phobia: conceptual and clinical issues. Behav. Res. Ther. 31, 17–24. doi:
10.1016/0005-7967(93)90038-V
LeDoux, J. E. (1996). The Emotional Brain. New York, NY: Simon and Schuster.
Legerstee, J. S., Tulen, J. H. M., Dierckx, B., Treﬀers, P. D. A., Verhulst,
F. C., and Utens, E. M. W. J. (2010). CBT for childhood anxiety disorders:
diﬀerential changes in selective attention between treatment responders and
non-responders. J. Child Psychol. Psychiatry 51, 162–172. doi: 10.1111/j.1469-
7610.2009.02143.x
Legerstee, J. S., Tulen, J. H. M., Kallen, V. L., Dieleman, G. C., Treﬀers,
P. D. A., Verhulst, F. C., et al. (2009). Threat-related selective attention predicts
treatment success in childhood anxiety disorders. J. Am. Acad. Child Adolesc.
Psychiatry 48, 196–205. doi: 10.1097/CHI.0b013e31819176e4
Lester, K. J., and Eley, T. C. (2013). Therapygenetics: using genetic markers to
predict response to psychological treatment for mood and anxiety disorders.
Biol. Mood Anxiety Disord. 3, 4. doi: 10.1186/2045-5380-3-4
Levitt, J. T., Brown, T. A., Orsillo, S. M., and Barlow, D. H. (2004). The
eﬀects of acceptance versus suppression of emotion on subjective and
psychophysiological response to carbon dioxide challenge in patients with panic
disorder. Behav. Ther. 35, 747–766. doi: 10.1016/S0005-7894(04)80018-2
Lipp, O. V., and Waters, A. M. (2007). When danger lurks in the background:
attentional capture by animal fear-relevant distractors is speciﬁc and selectively
enhanced by animal fear. Emotion (Washington, D.C.) 7, 192–200. doi:
10.1037/1528-3542.7.1.192
Lonsdorf, T. B., Juth, P., Rohde, C., Schalling, M., and Öhman, A. (2014).
Attention biases and habituation of attention biases are associated with 5-
HTTLPR and COMTval158met.Cogn. Aﬀect. Behav. Neurosci. 14, 354–363. doi:
10.3758/s13415-013-0200-8
Lueken, U., Straube, B., Konrad, C., Wittchen, H., Ströhle, A., Wittmann, A., et al.
(2013). Neural substrates of treatment response to cognitive-behavioral therapy
in panic disorder with agoraphobia. Am. J. Psychiatry 170, 1345–1355. doi:
10.1176/appi.ajp.2013.12111484
Lundh, L.-G., and Öst, L.-G. (2001). Attentional bias, self-consciousness and
perfectionism in social phobia before and after Cognitive-Behaviour
Therapy. Scand. J. Behav. Ther. 30, 4–16. doi: 10.1080/028457101
17841
Mattia, J. I., Heimberg, R. G., and Hope, D. A. (1993). The revised Stroop color
naming task in social phobics. Behav. Res. Ther. 31, 305–313. doi: 10.1016/
0005-7967(93)90029-T
McGinnis Deweese,M., Bradley, M. M., Lang, P. J., Andersen, S. K., Müller, M. M.,
and Keil, A. (2014). Snake fearfulness is associated with sustained competitive
biases to visual snake features: hypervigilance without avoidance. Psychiatry
Res. 219, 329–335. doi: 10.1016/j.psychres.2014.05.042
Milad, M. R., and Quirk, G. J. (2012). Fear extinction as a model for translational
neuroscience: ten years of progress. Annu. Rev. Psychol. 63, 129–151. doi:
10.1146/annurev.psych.121208.131631
Mobini, S., and Grant, A. (2007). Clinical implications of attentional bias in anxiety
disorders: an integrative literature review. Psychotherapy (Chic.) 44, 450–462.
doi: 10.1037/0033-3204.44.4.450
Mulckhuyse, M., Crombez, G., and van der Stigchel, S. (2013). Conditioned
fear modulates visual selection. Emotion (Washington, D.C.) 13, 529–536. doi:
10.1037/a0031076
Muris, P., de Jong, P. J., Merckelbach, H., and van Zuuren, F. (1993a). Is exposure
therapy outcome aﬀected by monitoring coping style?Adv. Behav. Res. Ther. 15,
291–300. doi: 10.1016/0146-6402(93)90014-S
Muris, P., de Jong, P. J., Merckelbach, H., and van Zuuren, F. (1993b). Monitoring
coping style and exposure outcome in spider phobics. Behav. Cogn. Psychother.
21, 329–333. doi: 10.1017/S1352465800011656
Muris, P., Merckelbach, H., and de Jong, P. J. (1995). Exposure therapy outcome
in spider phobics: eﬀects of monitoring and blunting coping styles. Behav. Res.
Ther. 33, 461–464. doi: 10.1016/0005-7967(94)00058-R
Navon, D. (1977). Forest before trees: the precedence of global features in visual
perception. Cogn. Psychol. 9, 353–383. doi: 10.1016/0010-0285(77)90012-3
Niles, A. N., Mesri, B., Burklund, L. J., Lieberman, M. D., and Craske, M. G.
(2013). Attentional bias and emotional reactivity as predictors and moderators
of behavioral treatment for social phobia. Behav. Res. Ther. 51, 669–679. doi:
10.1016/j.brat.2013.06.005
Olatunji, B. O., Deacon, B. J., Abramowitz, J. S., and Valentiner, D. P.
(2007). Body vigilance in nonclinical and anxiety disorder samples: structure,
correlates, and prediction of health concerns. Behav. Ther. 38, 392–401. doi:
10.1016/j.beth.2006.09.002
Oliver, N. S., and Page, A. C. (2008). Eﬀects of internal and external distraction and
focus during exposure to blood-injury-injection stimuli. J. Anxiety Disord. 22,
283–291. doi: 10.1016/j.janxdis.2007.01.006
Parrish, C. L., Radomsky, A. S., and Dugas, M. J. (2008). Anxiety-control strategies:
is there room for neutralization in successful exposure treatment? Clin. Psychol.
Rev. 28, 1400–1412. doi: 10.1016/j.cpr.2008.07.007
Peckham, A. D., McHugh, R. K., and Otto, M. W. (2010). A meta-analysis of the
magnitude of biased attention in depression. Depress. Anxiety 27, 1135–1142.
doi: 10.1002/da.20755
Pérez-Edgar, K., Bar-Haim, Y., McDermott, J. M., Gorodetsky, E., Hodgkinson,
C. A., Goldman, D., et al. (2010). Variations in the serotonin-transporter gene
are associated with attention bias patterns to positive and negative emotion
faces. Biol. Psychol. 83, 269–271. doi: 10.1016/j.biopsycho.2009.08.009
Pérez-Edgar, K., Reeb-Sutherland, B., McDermott, J. M., White, L. K., Henderson,
H. A., Degnan, K., et al. (2011). Attention biases to threat link behavioral
inhibition to social withdrawal over time in very young children. J. Abnorm.
Child Psychol. 39, 885–895. doi: 10.1007/s10802-011-9495-5.Attention
Pergamin-Hight, L., Bakermans-Kranenburg, M. J., van IJzendoorn, M. H., and
Bar-Haim, Y. (2012). Variations in the promoter region of the serotonin
transporter gene and biased attention for emotional information: a meta-
analysis. Biol. Psychiatry 71, 373–379. doi: 10.1016/j.biopsych.2011.10.030
Pergamin-Hight, L., Naim, R., Bakermans-Kranenburg, M. J., van IJzendoorn,
M. H., and Bar-Haim, Y. (2015). Content speciﬁcity of attention bias to
threat in anxiety disorders: a meta-analysis. Clin. Psychol. Rev. 35, 10–18. doi:
10.1016/j.cpr.2014.10.005
Podinã, I. R., Koster, E. H. W., Philippot, P., Dethier, V., and David, D. O. (2013).
Optimal attentional focus during exposure in speciﬁc phobia: a meta-analysis.
Clin. Psychol. Rev. 33, 1172–1183. doi: 10.1016/j.cpr.2013.10.002
Price, M., Tone, E. B., and Anderson, P. L. (2011). Vigilant and avoidant attention
biases as predictors of response to cognitive behavioral therapy for social
phobia. Depress. Anxiety 28, 349–353. doi: 10.1002/da.20791
Frontiers in Psychology | www.frontiersin.org 14 July 2015 | Volume 6 | Article 968
Barry et al. Attention and anxiety treatment
Price, R., Siegle, G., Silk, J., Ladouceur, C., McFarland, A., Dahl, R., et al. (2014).
Looking under the hood of the dot-probe task: an fMRI study in anxious youth.
Depress. Anxiety 31, 178–187. doi: 10.1002/da.22255.LOOKING
Rapee, R. M., MacLeod, C., Carpenter, L., Gaston, J. E., Frei, J., Peters, L.,
et al. (2013). Integrating cognitive bias modiﬁcation into a standard
cognitive behavioural treatment package for social phobia: a randomized
controlled trial. Behav. Res. Ther. 51, 207–215. doi: 10.1016/j.brat.2013.
01.005
Riemann, B. C., Kuckertz, J. M., Rozenman, M., Weersing, V. R., and Amir, N.
(2013). Augmentation of youth cognitive behavioral and pharmacological
interventions with attention modiﬁcation: a preliminary investigation. Depress.
Anxiety 30, 822–828. doi: 10.1002/da.22127
Rinck, M., Reinecke, A., Ellwart, T., Heuer, K., and Becker, E. S. (2005).
Speeded detection and increased distraction in fear of spiders: evidence
from eye movements. J. Abnorm. Psychol. 114, 235–248. doi: 10.1037/0021-
843X.114.2.235
Rowe,M. K., and Craske,M. G. (1998). Eﬀects of varied-stimulus exposure training
on fear reduction and return of fear. Behav. Res. Ther. 36, 719–734. doi:
10.1016/S0005-7967(97)10017-1
Schechner, T., Rimon-Chakir, A., Britton, J. C., Lotan, D., Apter, A., Bliese,
P. D., et al. (2014). Attention bias modiﬁcation treatment augmenting
eﬀects on cognitive behavioral therapy in children with anxiety: randomized
controlled trial. J. Am. Acad. Child Adolesc. Psychiatry 53, 61–71. doi:
10.1016/j.jaac.2013.09.016
Schmidt, N. B., Richey, J. A., Buckner, J. D., and Timpano, K. R. (2009). Attention
training for generalized social anxiety disorder. J. Abnorm. Psychol. 118, 5–14.
doi: 10.1037/a0013643
Schneier, F. R., Kent, J. M., Star, A., and Hirsch, J. (2009). Neural circuitry
of submissive behavior in social anxiety disorder: a preliminary study
of response to direct eye gaze. Psychiatry Res. 173, 248–250. doi:
10.1016/j.pscychresns.2008.06.004
Shafran, R., Lee, M., Cooper, Z., Palmer, R. L., and Fairburn, C. G. (2007).
Attentional bias in eating disorders. Int. J. Eat. Disord. 40, 369–380. doi:
10.1002/eat.20375
Soares, S. C., Esteves, F., and Flykt, A. (2009). Fear, but not fear-relevance,
modulates reaction times in visual search with animal distractors. J. Anxiety
Disord. 23, 136–144. doi: 10.1016/j.janxdis.2008.05.002
Spurr, J. M., and Stopa, L. (2002). Self-focused attention in social phobia and
social anxiety. Clin. Psychol. Rev. 22, 947–975. doi: 10.1016/S0272-7358(02)
00107-1
Steketee, G., Bransﬁeld, S., Miller, S. M., and Foa, E. B. (1989). The eﬀect
of information and coping style on the reduction of phobic anxiety
during exposure. J. Anxiety Disord. 3, 69–85. doi: 10.1016/0887-6185(89)
90002-9
Van Bockstaele, B., Verschuere, B., Koster, E. H. W., Tibboel, H., De Houwer, J.,
and Crombez, G. (2011). Eﬀects of attention training on self-reported, implicit,
physiological and behavioural measures of spider fear. J. Behav. Ther. Exp.
Psychiatry 42, 211–218. doi: 10.1016/j.jbtep.2010.12.004
Van Bockstaele, B., Verschuere, B., Tibboel, H., De Houwer, J., Crombez, G.,
and Koster, E. H. W. (2014). A review of current evidence for the causal
impact of attentional bias on fear and anxiety. Psychol. Bull. 140, 682–721. doi:
10.1037/a0034834
van den Hout, M., Tenney, N., Huygens, K., and de Jong, P. J. (1997).
Preconscious processing bias in speciﬁc phobia. Behav. Res. Ther. 35, 29–34.
doi: 10. 1016/S0005-7967(96)00080-0
Vervliet, B., Vansteenwegen, D., Baeyens, F., Hermans, D., and Eelen, P. (2005).
Return of fear in a human diﬀerential conditioning paradigm caused by
a stimulus change after extinction. Behav. Res. Ther. 43, 357–371. doi:
10.1016/j.brat.2004.02.005
Vervliet, B., Vansteenwegen, D., and Eelen, P. (2004). Generalization of
extinguished skin conductance responding in human fear conditioning. Learn.
Mem. 11, 555–558. doi: 10.1101/lm.77404.stimuli
Vervliet, B., Vansteenwegen, D., and Eelen, P. (2006). Generalization gradients for
acquisition and extinction in human contingency learning. Exp. Psychol. 53,
132–142. doi: 10.1027/1618-3169.53.2.132
Waters, A. M., Farrell, L. J., Zimmer-Gembeck, M. J., Milliner, E., Tiralongo, E.,
Donovan, C. L., et al. (2014). Augmenting one-session treatment of children’s
speciﬁc phobias with attention training to positive stimuli. Behav. Res. Ther. 62,
107–119. doi: 10.1016/j.brat.2014.07.020
Waters, A. M., and Kershaw, R. (2015). Direction of attention bias to threat relates
to diﬀerences in fear acquisition and extinction in anxious children. Behav. Res.
Ther. 64, 56–65. doi: 10.1016/j.brat.2014.11.010
Waters, A. M., Mogg, K., and Bradley, B. P. (2012). Direction of threat
attention bias predicts treatment outcome in anxious children receiving
Cognitive-Behavioural Therapy. Behav. Res. Ther. 50, 428–434. doi:
10.1016/j.brat.2012.03.006
Weierich, M. R., Treat, T. A., and Hollingworth, A. (2008). Theories and
measurement of visual attentional processing in anxiety. Cogn. Emot. 22,
985-1018. doi: 10.1080/02699930701597601
Wieser, M. J., Pauli, P., Weyers, P., Alpers, G. W., and Mühlberger, A. (2009).
Fear of negative evaluation and the hypervigilance-avoidance hypothesis: an
eye-tracking study. J. Neural Transm. 116, 717–723. doi: 10.1007/s00702-008-
0101-0
Williams, J. M., Mathews, A., and MacLeod, C. (1996). The emotional Stroop task
and psychopathology. Psychol. Bull. 120, 3–24. doi: 10.1037/0033-2909.120.1.3
Zelikowsky, M., Hast, T. A., Bennett, R. Z., Merjanian, M., Nocera, N. A.,
Ponnusamy, R., and Fanselow, M. S. (2013). Cholinergic blockade frees fear
extinction from its contextual dependency. Biol. Psychiatry 73, 345–352. doi:
10.1016/j.biopsych.2012.08.006
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or ﬁnancial relationships that could
be construed as a potential conﬂict of interest.
Copyright © 2015 Barry, Vervliet and Hermans. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.
Frontiers in Psychology | www.frontiersin.org 15 July 2015 | Volume 6 | Article 968
